And the communication I have got to make is, that (it) has great expectations.
Chronic infection by hepatitis B virus (HBV) affects
approximately 400 million people worldwide and is estimated to cause 1 million deaths annually [1] . The treatment of chronic hepatitis B has been radically altered in the past decade as a result of two developments. First, there are important new findings concerning its natural history. Second, the oral nucleoside/nucleotide analogues are now firmly established as an excellent alternative mode of therapy.
Studies of the natural history of chronic hepatitis B suggest that other than the traditional endpoint of hepatitis B e antigen (HBeAg) seroconversion, sustained suppression of HBV DNA to very low levels, preferably to below the detection limit of sensitive polymerase chain reaction (PCR) assays, is an even more important endpoint of treatment [2] [3] [4] [5] . The availability of nucleoside/nucleotide analogues makes the ideal of sustained viral suppression a reality. The rate of HBeAg seroconversion is slower with nucleoside/nucleotide analogues than with interferon therapy because they lack the immunomodulatory effects of interferon. Unlike interferon, nucleoside/nucleotide analogues can be given orally, and, except for mild and reversible nephrotoxicity (approximately 3% in 5 years) with adefovir [6] , are almost without side effects. Even a relatively short period of treatment with lamivudine has been shown to decrease the risk for the development of cirrhosis complications and hepatocellular carcinoma (HCC) both in patients with established cirrhosis and in patients with precirrhotic disease [7, 8] . The problem with long-term nucleoside/nucleotide analogue therapy is of course the potential for the development of resistant mutants.
One of the most promising nucleoside analogues for long-term viral suppression with low rate of development of resistance is entecavir. Entecavir is a deoxyguanosine analogue that is rapidly phosphorylated intracellularly into its active 5 0 -triphosphate form. It inhibits HBV replication at three important steps: protein-linked priming of the HBV polymerase, synthesis of the first negative strand of the HBV DNA by reverse transcription, and synthesis of the second positive strand [9] . Its efficient phosphorylation and its triple action in the inhibition of HBV replication may explain its potency in the suppression of HBV DNA in small doses of 0.5-1 mg licensed for use. It has been approved for use in the treatment of chronic hepatitis B in the United States in 2005, and since then in the European Union, China, and several other countries worldwide.
In the current issue of the journal, Shindo et al. [10] report a randomized, double-blind phase II study of the antiviral activity of once-daily oral dose of entecavir 0.01, 0.1, or 0.5 mg, or lamivudine 100 mg, over 24 weeks in 137 nucleoside-naive Japanese adults. This study confirmed the results of an international study of 169 patients including Asians and Westerners published in 2002 [11] . Both these studies indicate that entecavir 0.1 mg is noninferior and entecavir 0.5 mg superior to lamivudine 100 mg in Japanese patients as well as in patients of other nationalities.
Entecavir has now been established as an excellent antiviral agent for chronic hepatitis B and is recommended as one of the first-line agents for nucleoside-naive patients in various international treatment guidelines [12] [13] [14] . Two phase III pivotal trials of entecavir 0.5 mg daily versus lamivudine 100 mg daily in 715 HBeAg-positive patients and 648 HBeAg-negative patients have shown that entecavir is superior to lamivudine at week 48 of treatment [15, 16] . Entecavir has also been found to be superior to 10 mg of adefovir at week 48 of treatment in an open-label study of 69 treatment-naive, HBeAg-positive patients [17] . The superiority of entecavir to lamivudine becomes even more apparent in comparative studies at week 96, partly because of its potency but, more important, because of its very low rate of resistance development [18, 19] . At week 96, 74% of entecavir-treated patients achieved HBV DNA of \300 copies/mL (*60 IU/mL) compared with only 37% of lamivudine-treated patients [19] .
Follow-up studies for longer periods of treatment were marred by the initial protocols that mandated cessation of therapy when the patients achieved ''complete response,'' defined as HBV DNA of less than 0.7 9 10 6 copies/mL with HBeAg loss for the HBeAg-positive patients. Subsequently, it was found that a large proportion of both HBeAg-positive and HBeAg-negative patients with socalled ''complete response'' required recommencement of therapy. HBV DNA levels of 0.7 9 10 6 are moderately high levels. It is important to emphasize that the ideal aim of treatment should be sustained suppression of HBV DNA, preferably to levels below the detection limit by PCR assays [4, 5] . Although the initial large cohorts of patients were thus fragmented during follow-up, analysis has been performed for 98 HBeAg-positive patients who were on ''continuous'' entecavir (with a treatment gap of B35 days before recommencement of therapy) for 5 years [20] . The results are most encouraging: 94% of patients had HBV DNA of \300 copies/mL (*60 IU/mL), 80% had normal alanine transaminase (ALT) levels, and 41% had loss of HBeAg (17% with HBeAg seroconversion).
Even more encouraging are the long-term histologic assessment in 57 patients with biopsies at baseline, 48, and 280 weeks (median time for the third biopsy) [21] . Ninetysix percent of patients had histologic improvement and, very important, 88% had improvement in Ishak fibrosis score. These results are confirmed by an independent Japanese study with 37 nucleoside-naive patients with biopsies at baseline, 48, and 148 weeks [22] . The reversal of fibrosis and cirrhosis carries great potential prognostic significance for the prevention of cirrhosis complications and, possibly, HCC.
Entecavir is also effective against lamivudine-resistant HBV, though the EC 50 values of entecavir for five lamivudine-resistant mutant viruses tested by Ono et al. [23] are 2-778 times higher than those for wild-type HBV. A phase III, double-blind control trial in 286 lamivudinerefractory, HBeAg-positive patients showed that switching to entecavir (141 patients) with a 1 mg daily dose (twice the dose for nucleoside-naive patients) provided better histologic improvement, HBV DNA reduction, and ALT normalization than continuing lamivudine at week 48 [24] . However, the reduction of HBV DNA was less than in nucleoside-naive patients; only 19% of lamivudine-refractory patients having HBV DNA of \300 copies/mL (*60 IU/mL) compared with the 67% of nucleoside-naive patients [15] . By week 48, 1.4% of patients had virologic rebound due to the emergence of entecavir-resistant mutants, with seven other patients (of 134 tested) identified to have entecavir-resistant mutants at baseline without virologic rebound. By week 96, 23 of 77 entecavir-treated patients had developed genotypic resistance to entecavir [25] . The cumulative genotypic resistant rates for entecavir on lamivudine-resistant disease are 6%, 15%, 36%, 46%, and 51% from years 1 to 5 [26] .
It must be emphasized that resistance to entecavir in nucleoside-naive patients is a rare phenomenon. Resistance to entecavir requires three substitutions: the two lamivudine-resistant mutants M204 V/I and L180 M together with a ''signature'' mutations of T184G, S203I, or M250 V [27] . Molecular modeling suggests that the additional changes at T1874, S202, or M250 probably decrease access to the binding pocket in the reverse transcriptase domain of the mutants, which are still growth deficient relative to the wild-type HBV [28] . The high genetic barrier requiring three substitutions for resistance explains why the cumulative probability of genotypic resistance to entecavir after 5 years of therapy is only 1.2% (n = 108) [29] . However, this barrier is reduced to one substitution in patients who already have two lamivudine-resistant mutations. Hence, the high resistance rate with long-term entecavir treatment in lamivudine-resistant patients makes entecavir less than ideal for the management of lamivudine resistance.
For the treatment of resistance to lamivudine (a nucleoside analogue), nucleotide analogues such as adefovir and tenofovir are superior to entecavir, which is a nucleoside analogue like lamivudine. In general, HBV mutants resistant to nucleoside analogues tend to remain sensitive to nucleotide analogues, and vice versa [26] . However, preliminary studies have shown that lamivudine-resistant patients are more prone to develop mutations even with the potent nucleotide analogue tenofovir [30, 31] .
Multiple cost-effective evaluation studies of entecavir versus lamivudine using mathematical models have been performed [32, 33] . In both the Asian and American populations, entecavir administered for up to 10 years has been shown to be highly cost-effective when the possible decrease in risks for the development of decompensated cirrhosis, and HCC is taken into consideration.
Finally, for treatment-naive patients, is combination therapy necessary? Theoretically, the ideal combination for maximal viral suppression and prevention of resistance is to combine a potent nucleoside with a potent nucleotide analogue. Such a study has not been performed. However, with potent agents such as entecavir and tenofovir, with resistance rates of 1.2% in 5 years [29] and 0% in 2 years [34] [35] [36] , respectively, monotherapy with either of these two agents is a viable cost-effective option.
